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COMPOSITIONS AND METHODS FOR THERAPEUTIC USE 

This application is a continuation-in-part of U.S.S.N, 08/584.077, filed 
Januaiy 8, 1996. 

BACKGROUND OF THE INVENTION 
The present invention is directed to compositions and methods of treating 
cancer by gene Amipy using a ttenq)ei]tic gene, such as a tumor siqjpressor gene 
delivered by a gene delivery system, such as a recombinant viral vector delivery system, 
formulated in a bufier conq^ing a delivery-enhancing ag^. In particular, diis 
invention relates to the delivery of a tumor siqjpressor gene (e.g., pS3 or retinoblastoma 
(KB)) to cancerous epittelial tissues and organs, such as die bladder, usii^ a rec ombinant 
adenoviral vector delivery system formulated in a buffer conq>rising a delivery-enhancing 
agent. 

Carcinoma of the bladder represents a significant source of morbidity and 
mortality. Bladder cancor nmks lOdi in males and 12th in fismales in cancer related 
mortali^ (Caivrer Facts and Hgqres, Amer.Can.Soc. 5:11 (1995)). Then^ies avaibble 
for the treatment of bladd^ cancer inchide adjuvant chemc^ierapy or unmunotherapy, 
transurethral resection of siq)erficial disease, radical cystectomy or radiother^y which is 
otten combii^ with systemic chemotfaerqiy. Despite these ther2q)eutic options, overall 
survival has not chai^ appreciably. (Ibid) Thus, r)ew therapeutic modalities must be 
developed for the treatment of bladder cancer. 

Gcx therapy strategies have been devd(^)ed as an alternative ther^mitic 
iqjproach (See for exanqile, Brewster et al. Eur Urol 25:177-182 (1994); Takahashi 
al., Proc NaU Acad Sci USA 88: 5257-5261 (1991); Rosenberg, SA, J. Clin Oncol, 

10:180-199 (1992)). 

Distinct approaches have been develqied to treat rteoplasms based on gme 
transfer methods. Methods have been developed to correa sj^ific lesions at defined 
genetic loci which give rise to neoplastic transformation and progression (Spandidos et 
al.. Anticancer Res. 10:1543-1554 (1990); Banerjee et al. Cancer Res. 52:6297-6304 



t 
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(1992)). Overexpression of dominaiit oncogenes may be addressed using techniques to 
inhibit the transfonning gene or gene product. Loss of tumor suppressor gene function 
may be qyproached using methods to reconstitute wild-type tumor aippressor gene 
function (Goodrich et al.. Cancer Res. 52:1968-1973 (1992)), Besides these methods to 

5 achieve mutation con^)ensation, genetic techniques have been developed to ^)ecificaUy 
and selectivdy eradicate tumor cells. These i^roaches of molecular chemotherapy rely 
on ^)ecific expression of toxin genes in neq>lastic cells (Abe et al.» Proc Soc Exp Biol 
Med. 203:354-359 (1993)). Finally, gene trai^ m^faods tmve been used to adiieve 
antitumor immunization. These meduxls of genetic immunopotcntiation use techniques of 

10 graetic imnmnoregulation to rahance hnnmne recc^nitton of tumcMrs. CtonsequCTlly, a 
vari^ of distinct 2;»proaches have been developed to acccnnplish gene therqyy of cancer. 

A high incidence of mutations has been observed in tumor si^ypressor 
gei^, sudi as p53 and RB, in the case of carcinoma of the bladdo: (Fvyimoto et al. 
Cancer Res. 52:1393-1398 (1992); Cairns et al. Oncogene 6:2305-2309 (1991)). For 

15 such genetic lesions of tumor siq^ypressor genes, reversion of the nec^lastic phenotype can 
be demonstrated widi replacement of die conespondnig wild-type tumor suppressor gene 
(SpandUos, Id.; Baneijee, Id.). 

In vitro studies using cell lines d^ved finom human bladder tissues have 
demonstrated efficirat transgne e^qiression following infection with recombinant 

20 adraovirus ^ass et al. ratin g fiene Theranv 2:2:97-104 (1995)). Experiments in vivo 
have also shown adenovirus transgme expression in the urinary bladdor of rodents after 
mtravesical admmistration (Ibid; Morris et al. J. Uroloev^ 152:506-50(1994)). In vitro 
experiments with wild-type adenovirus demonstrate ttiat virus attachmen t and 
internalization is not influenced benzyl alcohol, but do dononstrate an enhanced 

25 oncnating of the yirion rBlixt et al. Arch. Vkol. 129:265-277 (1993)). /nwvoefforts 
with agents (e.g. acetone, DMSO» prolamine sulfiite) can break down the protective 
"mucin" layer dial protects the bladder epithelium from bacteria, viruses and other 
pathogens (Mrason et al. J. Urol. 145:842-845 (1992); Parsons et al. J. Urol. 143:139- 
142 (1990)). None of the m^hods tried to date achieve enhanced delivery of a 

30 dierapeutic tumor siqppressor grae to tbc blBddet for the treatment of bladder cancer. In 
order to accoaq)lisfa gene ibi^y for treatmrat of bladder cancer, gene dmapy m^hods 
must be developed to accomplish direct, optnnal, in vivo ttunor suppressor gene delivery 
to the bladd^ epidielium. 
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These 




SUMMARY OF THE INVENTION 





prising administerii^ a 






comprising a tibenqieuticany effective amount of die tfierq)eutic a^nt formulated in a 
buffer con^rising a deteigcnL 



contained within a gene delivery syston that is formulated in a buffer con4>rising a 
delivery-enhancing agrai. 



administration of a recombinant adraoviius, coiiq>rising about lO' - 10" particles 
(PN)/inl recombinant adenovirus^ about 2-10 mM Big CHAP or about 0.1 - 1.0 mM 
TRrrON<»-X-100 det^rat, phoqihate tarfe»red saline (PBS), about 2-3% sucrose (w/v) 
and about 1-3 mM MgCIx* a^xna pH 6.4-8.4. 

mUKF DESTRIPT ION OF THE DRAWINGS 

Figure 1 dqncts die tnthience of formulation on adenovirus mediated gene 
transfer and expression in the rat bladder epithelium after intravesical administration. 

Figure 2 depicts adenovirus transgene expression in bladder q^itfaelial cells 
after intravesical administration. 

Figure 3 dq>ict5 dose dependent adraovirus transgene e^q^ression in the rat 
bladder after intravesical administration. 

Hgure 4 dq>icts a reverse-transcriptase polymerase chain reaction (RT- 
PCR) analysis of recombinant adenovirus transgene opression in the mouse bladder nhjcr 
intravesical administration. 







tbinant adenovirus transgrae 




virus. 
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Figure 6 depicts recombinant adenovinis transgene DN A in bladder and 
kidney homogenates after intravesical administration 

Figure 7 depicts inqprovement of gei^ transfer to bladder epithelium using 
a Big CHAP (N, N, bis-(3*D-ghiconamidopropyl)-cholamide (CALBIOCHEM* 
Biodiemicals) formulatira. 

Figure 8 depicts inqmvement of grae transfer to bladder epithelium using 
different concentrations of recombinant adenovirus in a 7 mM Big CHAP formulation* 



expression in bladder tissue by using an edmiol (ETOH) or Big CHAP fommlation. 

Figure 10 dq>icts gene transfer to tumors using a 4 mM Big CHAP 

formulation. 



of a therq)eutic gene to a particular epithelial tissue or organ including, for example* 
recombinant vectors and m>n-vector sy^ons. Exanq)les of nourvector systems include 
Imt are not limited to any lipid-based, lq>id encapsulated DNA or cationk: lq>id/DN A 
cOTiplexes. Exanq>les of recombinant viral vectors include but are not limited to herpes 
virus* retrovirus* vacdnia virus, admovirus* and adenoassodated virus. "Reccmibinant'' 
refers to nucleic acids and protein encoded by them wherein the nucleic acids are 
constructed by methods of recombinant DNA technology, also termed ""genetic 
ei^ineering*. A preferred recombinant viral vector is the adenoviral vector ddiveiy 
system which has a del^ion of tte protein DC gene (See Inteimtional Patent ^yplicaticm 
WO 95/11984, which is herein incorporated by refi^oice in its entirety for all purposes). 
The recombinant vector delivery system conq>rising a therapeutic gene, such as a tumor 
siqrpressor gene, is fimnulated in a buffer comprising a delivery- CThancing a^nt. "A 
deliveiy-enlmncing agent* refi^ to any agmt wtnch enhances delivery of a therafieutic 
grae, such as a tumor suppressor gene to a cancerous tissue or organ. Such enhanced 
delivery may be achieved by various mechanisms. One such mechanism may involve the 
disnq[>tion of the protective glycosaminoglycan layer on tte q[>ithelial surface of the 



Figure 9 dq>icts enha] 



i of recombinant adenovirus transgene 





s of delivery 



wo STfnsxm pcn7US97/oo267 

5 

bladder. Exan^)les of such delivefy-enbandng agents are detergents, alcohols, glycols, 
surfactants, bile salts, hq)arm antagonists, cyclooxygenase inhibitors, hypertonic salt 
solutions^ and acetates. Alcohols include for exanq>Ie the alifdiatic alcohols oidi as 
^hanol, N-propanol, isopropanol, butyl alcohol, aceQrl alcohol. Glycols include 
5 glycerine, propyleneglycol, polyethylraeglycol and other low molecular weight glycols 
aich as glycat>l and thioglycerol. Acmtes such as ac^ acid» gluconol acetate^ and 
sodhim acetate are fiirdier exa]iq[>les of delivery-enhancing agents. Hypertonic salt 
solutions like IM NaCl are also examples of ddivery-enhancing agents. Eamnples of 
surfactants are sodium dodecyl sulfate (SDS) and lysolecitfain, polysorbate 80, 

10 nonylphenoxypolyo3^ethylene, lysqphosphatidyldioline, polyethylengjycol 400, 

polysorbate 80« polyoxy^hyloie ettns» polyglycol ether sur&ctants and DMSO. Bile 
salts such as taurocholate, sodium tauro-deoxycholate, deoxydiolate, chenodesoxycholate, 
glycocholic acid, glycochenodeo^cholic acid and odi» astringosts like silver nitrate may 
be used. Heparin-antagonists like quaternary amines sudi as prolamine sulfate may also 

15 be used. Cyclooxygenase iidiibitors such as sodium salicylate, salicylic ac^, and non- 
stmidal antiinflammatofy drug (NSAIDS) like indomethacin^ lu^roxra, diclofraac may 
be used. 

Detergents iiK:Iude anionic, cationic, zwitterionic, and nonionic detergents. 
Exenq>lary detergents iiK:hide but are not limited to taurocholate, deoxycholate, 

20 taurodeoxycholate, cetylpyridmm, benaDconhmi chloride, ZWITTERGENT^U 
det^gent, CHAPS (3-[O<3bolainidppr0pyl)dnnediylanmK>n^^ 
hydrate, Aklrich), Big CHAP, Deoxy Big CHAP, TRITON*-X>100 detergent, C12E8, 
Octyl-B-IMjhicqyyranoside, PLURONIC^- F68 det«rgrat» TWEEN<* 20 detngent* and 
TWEEN* 80 detergent (CALBIOCHEM* Biochemicals). 

25 In an embodiment* Oe delrv^-enhancing agent is inchided in the buffer 

in which the recombinant adenoviral vector cfclivery system is formulated. The delivery- 
enhandi^ agent may be adminismed prior to die recombinant virus or concomitant with 
tiie virus. In some embodiments* the delivery-enhancing agent is provided with the virus 
by mixir^ a virus preparation with a delivery-enhancing agent formulation just prior to 

30 admini^ration to the patient. In odier cmbodin)ents, the deliv^-enhandng agent arMl 
virus are provided in a single vial to Ae car^ver for administration. 

In die case of a pharmaceutical c(HX4>osition conqnrisii^ a tumor suppressor 
^ne contained in a recombinant adenoviral vector delivery system formulated in a buffer 
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whidi further aniq>xises a delivery ^^ihandi^ agent, the pharmarfaitical cooqiosition may 
be administered over tin^ in die raotge of about 5 minutes to 3 hours, preferably about 
10 minutes to 120 minutes, and most preferably abcmt 15 minutes U> 90 minutes. In 
anodier embodiment the tielivery-enhancing agent may be admmistered prior to 
administration of the recombinant adenoviral vector deliv^ ^stem containing die tumor 
siq^iressor gene. The prior administration of the delivery-enhancing agent may be in the 
range of about 30 seconds to 1 hour, preferably about 1 mhaite to 10 minutes, and most 
preferably about 1 minute to 5 minutes pricn* to administrattcm of die adenoviral vector 
delivery system containipg the tumor suppressor gme. 

The concentration of the deliveiy-enhancing agent will depexid on a 
number of factors known to one of ordinary skill in the art such as the particular 
delivery-enhancing agent being used, the tafia:, pH, target tissi^ or organ and mode of 
administration. The concentration of tbs delivery-enhancing agent will be ui die range of 
1% to 50% (v/v), pr^erably 10% to 40% (v/v) and most prefoably 15% to 30% (v/v). 
Preferably, the d^eir^^nt concentration in die final formulation admhustered to the patient 
is about 0.5 - 2X die critical micellization concentration (CMQ. A preferred 
concentration of Big CHAP is abcKit 2-20 mM, more preferable aboat 3.5-7 mM. 

The buffer containing the delivery-enhancing agent may be any 
pharmaceutical buffer such as {dio^hate buffered saline or sodium phosphate/sodium 
^itfete, Tris buffer, glydne buffer, stoile water and other buffers kiK>wn tt> the 
ordinarily skilled artisan sudi as those described by Good &i al. (1966) Biochemistry 
5:467. The pH of die twififer in die phar mamitiral composition OMnprising the tumor 
siqipressor gene contained in die adem>viral vector delivery system, may be in the range 
of 6.4 to 8.4, preferably 7 to 7.5, and most preferably 7.2 to 7.4. 

A preferred formulation for administration of a recombinant adenovirus is 
about 10^ - 10" ¥WttA vims, abrat 2-10 mM Big OIAP oc about 0.1 - 1.0 mM 

t 

TRTTON^-X-lOO detergent, in phosphate bufif^ed saline (PBS), phis about 2-3% sucrose 
(w/v) and about 1-3 mM MgQj* at about pH 6.4-8.4. 

The term "enhanced" describes the irxreased delivoy of the thenqpeutic 
gene, sudi as a tumor siq[ypressor gene, to die cancerous tissue or organ. Increased 
ddiveiy of a dierapeudc geiK, sudi as a tumor siqypressor gene, can be measured by 
various means, for ^cample by measuring repression of the tumor suqppressor gene 
conqiared to Mfmssion levels when the mmor sui^»essOT g^ is delivery in an 
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adenoviral vector delivery system xn a biiffer lacking the delivery-eDhancing agent. 
Exanqples of therapeutic g^ies are tumor siqjpressor genes and the suicide gene 
tl^midine kinase, ^camples of tumor suppressor genes include but are not limited to 
pS3, the retinoblastoma gene, either fiill length (pllO*^) or fragments thereof such as 
S p94^ or pS6^, and pl6» Other therapeutic genes niclude but are ncH limited to CFTR» 
genes encoding cytcddnes (such as tfie interferons cr, jS, y» 5» interieukins (e.g., XL- 
10, IL-2), GM-CSF, and ai^ other geKS encoding proteins ixdiich have dierq>eutic 
potential in tte treatmrat of non-cancemis diseases of tte bladder such as cy^itis. In 
some embodiments of the invention, the therapeutic gw encodes antisense RNA. 

10 In some embodiments, the compositions of the invoition conqprise a 

dienq)eutically effective amount of a flmapeutic gene» such as a tumor sqypressor grae 
contained in a recombinant viral vector deli v^ system in a buffer conqnising a 
delivery-enhancing agent. '*ThenQ)eutically effective** as used horein Kfm to the 
prev^ition of, reduction of, or curing of synq>toms associated with a disease state. 

15 Thmq)ratically effective amounts of the pharmaceutical conqx)sition 

comprising a therapratic gene, such as pS3 or the r^inoblastoma tumor siqpressor gene, 
in a recombinant viral vector delivery system formulated in a buffer conqyrising a 
delivoy-enhancing agoit will be administered in accord with the teaching of this 
invention. For exair^le, therapeutically effective amounts of the retinoblastoma tumor 

20 suppressor gene in the recotnbinam adeiK>viral vector delivery system f<Hmulated in a 
bufGa* containirig a delivery-enhandi^ agent are in the range of about 1 X 10^ 
particles/ml to 1 X 10^^ particles/ml, more ^ically about 1x10^ particles/ml to SxlO*^ 
particles/ml, most typically 1x10^ particles/ml to 1x10^^ particles/ml (PN/ml). 

The conqx)sitions of diis invention may additionally include a stabilizer, 

25 rahanccr or <^h^ pharmacoiticaUy accqnable carriers or vdiides. A pharmaceutically 
acceptable carrier can contain a physiologically acceptable compound that ^:ts, for 
example, to stabilize die recombinant adenoviral vector delivery system comprising the 
tumor suppressor gene. A physiologically accq)table conqK)und can include, for 
exa!i4>le, carbohydrates, such as glucose, sucrose or dextrans* antioxidants, such as 

30 ascorbic acid or glutathione, chelating agents^ low molecular weight proteins or odter 
stabilizers or exdpients. Other physiologically acceptable compoimds include w^ting 
agents, emulsifying agents, dispersing agents or preservatives, which are particularly 
useful for preventing the growth or action of microorganisms. Various preservatives are 
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well known and include, for exan^le, phenol and ascoibic acid. One ddlled in art 
would know that the dioice of phannacratically acceptable carrier, depends on the route 
of administration and the particular physio-chemical characteristics of the recombinant 
adenoviral vector delivery system and the particular tumor suppressor gene contained 
therein. Examples of carriers, stabilizers or adjuvants can be found in Martin, 
ttgrninf fton's Phamf^ .Sci.^ 15th Ed. (Mack PubL Co.. Easton, PA 1975), incorporated 
h^in by reference. 

The recombinant viral vector delivoy system comprisii^ a thor^KUtic 
gene formulated in a buffer coiiq>rising a delivery-oihancing agent may be delivered to 
any cancerous tissue or organ usiqg any ddivery m^hod known to the ordinarify skilled 
artisan for exan^le, intratunK>raI or intravesical administration. Cancerous tissues and 
organs include any tis^ or organ having an epithelial mmbrane sudi as die 
gastrointestinal tract, the bladder, respiratory tract, and the hing. Exan4>les inchide but 
are not limited to carcinoma of the bladder and tqyper re^iratory tract, vulva, cervix, 
vagina or bronchi; local m^astatic tumors of Ae peritoneum; broncho-alveolar 
carcinoma; pleural meta^atic carcinoma; cardiumui of the mouth and tonsils; carcinoma 
of the nasopharynx, nose, larynx, oesc^hagus, stom^, colon and rectum, gallbladder, 
or skin; or melanoma. 

The ddivery-enhancing agents of the invention can also be used to 
formulate other phaimaceutical agents, such as proteins, micleic adds, antisense RNA, 
small molecules. for administration to any tis^e or organ having an epithelial 
membrane. 

The following exanq)les are intended to illustrate, not limit the scope of 

this invention. 



EXPERIMENT AT PVAM^T^p/; 
Example 1 

Ft^jinnl Ttnpmves Gene Tf^mfer In The Bladder 
Initial experiments teive shown that several factors including virus 
concentration, time of administration, and volume of dosing can influence gene transfer 
to the bladder epithetium after intravesical admmistration to rats. Because increased 
penetration of dyes can be achieved by intravesical administration of different solvents, 
modification of the adenovirus formulation was also investigated as an alternative 
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Strategy to increase adeoovinis traiisgene expression in the bladder (Momon et al. 
Urology 145:842-845 (1991)). The instant e?q)eriments focused on the use of ethanol to 
increase adenovirus transgene expression in the bladder. 

Nine fenuile buffalo rats (Harlan Sprague Dawley) were anesthetized with 
isoflurane and received a single intravesical administration of a human recombinant 
adenovirus ^coding the lacZ gene (rAd-)3gal). The human recombinant sHtenovind 
vector conq>risii^ the lacZ gene (rAd-^Sgal) is described in Wills et al. Hmron nene 
Therapv 5:1079-1088 (1994), Before mstillation bladders were fteshed with ^ 
emptied. rAd-^gal was then diluted to achieve a final ccHiceiitration of 1.7x10^^ PN/mL 
in 1) VPBS (2 % (w/v) sucrose and 2 mM MgQ, m PBS), 2) 30 % (v/v) edumol, or 3) 
SO % (v/v) DMSO» and iiBtined in a 250 ^ vohmie (N=3 animals/groiq[>). The 
administered material was retained in the bladder for 45 minutes. The bladder wm then 
flushed with PBS, and the animals were pomitted to recover frcnn the procedure. Two 
days after administration, rats wm sacrificed, bladders were harvested, fixed, and whole 
organs were stained with an Xgal (5-Bromo-4-cfaloro-3-indolyI-^D-galactoside) solution 
to evaluate reporter gene transfer. Xgal- stained tissues were then paraffin embedded, 
sectioned, and counter stained with hematoxylin and eosin. Hydrcdysis of Xgsl by fi- 
galactosidase results in a bhie color that localized to the si^)erficial luminal blafUer 
q)ithelium. 

Transgoie e3q>ression, conseqi^ to delivery by the ad^tioviral vector, 
was d^ected in bladders from all animals treated with rAd-^gal but not in an untreated 
control. Transg^ expression was similar to previously puMisted results usiiig Ae 
PBS/sucrose formulation (Bass ^ al. Cancer Gem Therapv 2:2:97-104 (1995)). In sharp 
contrast, /3-galactosidase e3q>resstcm in tte luminal qpithdial surface was greatly 
enhaiK»i in annuals that received rAdHSgal dihited in 30% ethanol (Figure 1). Bladder 
qpecin^is described in Rgure 1 were embedded, sectioned, and counter stained with 
hematoxylin and eosin. Histologic evaluation of the bladder tissue draion^rated increased 
/3-galactosidase expression of the transitional bladder epithelium when ethaiK)l was added 
to the adenovirus formulation (Figure 2). The interaction of ^lanol with the protective 
glycosaminoglycan (GAG) layer on the epithdmm surfece provides a medianism for the 
observed increase in transgoie expression. Disn^ition of this layer may fedlitate virus- 
cell interaction at the surfece and potratially enhance pen^ration into the submucosa. 
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Exaim>le2 

I>ose-Dq)endeiit T rfms^yene pxpiession In The Rat Bladder 
In another expmment, 18 fenale Sprague-Dawley rats were anaesdietized 
with isoflurane and received a smgle O.S ml intravesical bohis of rAd-/3gai at 
5 concentrations of 2x10?, 2x10**, 2x10^, 2x10^^ and 2x10*'. PN/mL in a 22.5% (v/v) 

ethanol fonnulation. After a 45 minute incubation, tiie bladders were fhished with PBS, 
and animals were permitted to recovff from anesthesia. Two days lat^, animals were 
sacrifked, and bladders were harvested, fixed, and whole organs were stained with Xg^ 
solution to evaluate adenovirus transgene opression. jS-galactosidase expression in the 

10 luminal bladder epithelium corrdated widi tiie concentration of Oe administered 
recombinant adenovirus (Figure 3). No striking difiinences were observed amoi^ 
animals receiving 2x10^ or 2x10*' PN/mL, siggesting a saturation of transgene 
expression in this model. Aimlysis of the volume voided 2itfsx instillation indir>ated only 
a mimmal reduction in flie infectious titer of the dosii^ material at these high doses. 

15 Eiq)ression of ^-galactt>sidase decreased at lower concentratioDS. No evidence of /3- 
gaiactosidase exfnesskm was detected in animals dosed at a concentration of IxlO' 
PN/mL or in an untreated control animal. 

Example 3 

20 ACNRB Gene Tfansfier In The Mcwise Bladder 

A pilot study was conducted to q;)ecifically evaluate eaqiression of the RB 
transgme using a RT-PCR assay. The recombinant adenovirus used in this study was 
based on serotype 5 human adenovirus from m^iich die viral eaiiy region 1 encoding Ela, 
Elb, and pIX proteins have been deleted. This ademvinis is limited to propagation in 

25 293 cells which produce the Ad5 El gene products requited ftnr rq^lication. Transfer 
plasmids ocoding eid^ fuU length or truncated Rb were generated frc»n pACN (Wills 
et al. Cancer Gene Therapy 2:191-197 (1995)) and were, m turn, used to construct die 
lecombinant adenoviruses. Htiier a full-length RB cDNA (1-928 amino acids), 
subdraed as a 2.8 Kb Xba I - Bam HI fragment ftom the plasmids pETRbc (Huang et 

30 al. Nature 350:160-162 (1991) or a truncated firagment (ammo acids 381-928) , 

subcloned as a 1.7 KB Xba I - Bam HI cDNA fragment, was pkured downstream of die 
CMV promoter/enhancer and tte Ad 2 tripartite leader cDNA of die plasmid pACN. 
These plasmids were subsequently Imearized with Eco RI and cotransfected ( CaP04, 
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Stratagene) with either die isolated Cla 1 digested large fragment of H5ilE4 (Honstrom et 
al. J. Virol. 62:3258-3264 (1988)), to make Ad-RB56 (ACN56) containing a partial E4 
deletion, or with the large fragment frran a hybrid virus of dB27 (Ginsberg et al. Proc. 
Natl. Acad. Sci. U.S.A. 86:3823-3827 (1989)) and H5ilE4 to create Ad-RbllO 
(ACNRB) which contains deletions in both the E3 and E4 regions of Ae vector. 

Bght female ICR mice (Charles Ri v^ Laboratories) were anesthetized 
with avertine and eadi received a single 80 fd intravesical admini^tion of (ACNRB). 
ACNRB (4x10" PN/mL) was diluted and prqpared in a PBS sohition or a 30% (v/v) 
^haxK>l solution. After the virus was retained in die bladder for 45 miinites, die animals 
were pranitted to recover and void. Mke were sacrificed 2 days or 14 days aftw 
ACNRB administration, and bladders, livers, and tddneys from each animal were 
harvested, homogenized, and processed for analysis (N=2 animals/groq>). Tran^ei^ 
egression W3S determined using RT-PCR with a primer q)ecific for ACNRB. More 
specifically, primers were geneiated to tdratify ACNRB and anqilify the region from the 
3* ei^ of the CNfV sequoice and to die 5* end of the RB sequrace. Following 
anq)lificadon (30 cycles) RT-PCR products were separated on a 10% polyacrylamide gel, 
stained with ^faidium bromide^ and i^iotognQdied. Increased ACNRB expression was 
detected after treatment with ACNRB in 30% (v/v) ethanol compared to very low 
expression after treatn^ with ACNRB in VPBS. Positive controls for die assay 
included samples from ACNRB-mfected 5637 human bladder cancer cells (CONTROL). 
Bladder RNA sanqiles from ACNRB-infected animals diat were amplified with primers 
specific for b^-actin provided an internal control for the quality of RNA. Untreated 
sanqiles and bladder sanqiles without die revise transcrqitase (RT) provided controls for 

* 

contaminating DNA. Two days after dosing, levels of ACNRB expression in the bladder 
homogenates were deeded from animals that received ACNRB prepared in 30% ethanol 
(Figure 4). No evideEK:e of esqiression was detected in non-bladder tissue or in any 
samples collected 14 days after dostiig. 



30 



Exanq)le 4 

Kinetics Of Biodistrib tftnT^ ACNRB Expression After Intravesical Admin istration To 
Mice 



To investigate die time course of expression after intravesical 
administration, 40 female mice (Charies River Laboratories) were anaesthetized with 
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avertme and received a single 80 liL bolus of ACNRB (4x10^^ PN/mL in 22% (v/v) 
eduuK)!). The instilled material was retained in the bladder for s^roximately 45 
minutes, and animals were permitted to recover from the procedure. Mice were 
sacrificed 1, 2, 3, 4. 5, 6. 7, and 14 days after admmistration (N=4/time) for analysis. 

S Bladders, livers, and kidneys were harvested and snap frozen in liquid nitrogen for 
subsequent ai^ysis. For detection of ACNRB e)q>ression, tissue samples wm 
hcMnogenized, and total RNA was extracted using TRI-Reagent®. An aliquot of total 
RNA was anq>lified in an RT-PCR assay using primers specific for ACNRB to 
di^H^giiish transgene expression fiom endo^nous RB egression. For detection of 

10 ACNRB DNA» a DNA extracticm kit (Stratagene) was used on tissue bomogemtes. PCR 
was performed with the primers specific fcnr ACNRB, as described above for the RT- 
PCR analysis. 

« 

ACNRB transgene expression in the bladder homogenates was detected 
only in samples collected on days 1-6, with ejq)ression relative to endogenous pS3 
IS decreasing with time (Figure 5» upper panel). No expression was detected from samples 
collected 7 and 14 days aft^ administration. Interestingly, some ACNRB expression was 
detected in the kidneys on days 1, 2 and 3, but no expression was obs^ed in die liver 

(Figure 5, lower panels). 

ACNRB DNA was detected in bladder tissue of all animals that received 
20 ACNRB, inchiding dic^ harvested 14 days after administration (Figure 6, Qcfi panel)). 
DNA was also recovered from the kidn^ homogenates, consistent with die ACNRB 
expression detected in this tissue (Figure 6, right panel). No evidence for ACNRB DNA 
was detected in liver samples harvested during the study (data not shown). Samples from 
an untreated ammal (U) and purified ACNRB DNA (PC) were used as negative and 25 

25 positive controls, respectively. 

Because systemk: administration of recombinant adenovirus results 
primarily in transgene e3q>ression in the liver (li ^ al. Human Gene Therapv 4:403-409 
(1993)). the absence of ACNRB DNA and expression in liver samples (Figures 5 and 6) 
suggests negligible sy^emic e3q[>osure of ACNRB after intravesical administration. 

30 Retrograde flow via the ureters may have contributed to the detection of ACNRB in the 
kidney. 

The data presented above demonstrate transgene expression in the rodent 
bladder following intravesical administration of ACNRB. These studies further indicate 
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that adraoviius-mediated gene transfer to die bladder epithelium can be oihanced by the 
presence of a delivery-enhancing a^it, such as edianol, in the formuladon. One 
mechanism for the increased gem transfer may be the di$rq>tion of the protective 
glycosaminoglycan layer on the epithelial surface of die bladder. A single intravesical 
5 administration of ACNRB in a 20-30% (v/v) edianol formulation results in transgene 
expression in the bladder diat per^sts for. approximately one week. Retrograde ureteral 
flow provides a likely explanation for the transient e^qyression of ACNRB detected in the 
kidney. The absence of ACNRB e3q>ression and ACNRB DNA in the liver indicates 
limited systemic exposure after intravesical administration. 

10 

Example 5 
Use of Detergent Formulations 
To minimize side effects without losing gene transfer efficiency, other 
excipients were tested. Detergents are known to interact widi cell membrai^ and form 
15 large pores without furdier rfamagtng the cells. The efiRciracy of recombimnt 

adenovirus formulated in less toxic detorgents was studied in rats and mice gene transfer 
models. 

rAd-jSgal was formulated in diffident detergents at their critical 
micellization concentration to evaluate effici^icy of gene transfer to the bladder 

20 q>ithelium. Female rats (about 200g b/w, Harian Sprague Dawley) were anesthetized 
with isofturai^ and received a sii^e intravesical administration of rAd-^gal (1x10^^ 
PN/ml) in different detergent formulations (see Table I). Before instillation, bladders 
were flushed with PBS aixi then enqitied. rAd-^gal was then instilled in a volume of 
0.5ml. The uistilled sohition was r^ained in the bladd^ for 45 minutes. The bladders 

25 wm then flushed with PBS, and die aninuds were permitted to recover fipom the 

procedure. 48 hours after administration, the rats were sacrificed, the bladders harvested, 
and fixed in formalin. Aft^ fixation, the bladders were opened longitudinally so diat the 
urothelium was exposed to the chromogen ( Xgal), that is converted to a blue color, if 
reporter gene O-galactosidase) expression is present. Tte luminal epithelial surface of 

30 the whole bladder was photographed an blue stairung scored: + (minimal staining), + + 
(moderate staining), + + + intense staining coverir^ die whole bladder epidielial surface. 
The results are shown in Table I. Some of the anionic d^ergents (taurodeoxycholate), 
zwitterionic detergents (CHAPS, ZWITTERGENT*, and non-ionic detergents (Big 
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CHAP» TRITON® X -100) enhanced gene transfer dramatically. Cationic detergents and 
some of the nonionic detergents (PLURONIC^ F68, TW^N*), did not have similar 
effects. In general, improvements of grae transfer were accompanied by cystitis. 
Zwiterionic detergents facilitated bladder stone formation. 

Possible manifestations of cystitis as observed with etfaanol were evaluated 
in mice usir^ a 7 MM Big CHAP (2X CMC) or COS mM TRITON^-X-100 d^ergent 
(CMC) formulation. The formulations were administered intravesically in a volume of 
80uL, and animals were observed over a 7-day int^al. After sacrifice* bladders were 
paraffin-embedded, sectioned, and stained with hematoxylin and eosin for pathologic 
evaluation. Only a slight macrophage infiltration into the bladder tissue was obs^ved in 
mice treated widi Big CHAP. Macrq[>hages infiltrated more prominently (sligjit to mild) 
induced by TRITON*^-X-100 d^ngent In sharp contrast, significant cystitis was 
detected in animals treated with 22% ett^nol. 
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B(aiii|>Ie6 
ransfer of ACNRB 



In addition to flw oqierimaits wifli the icpoiter goae, a differait set of 
studies was conducted to ^ifically evaluate gwie transfer of ACNRB. Female ICR 
mice were anesthetized wifli avertine and each mmise received a single 80 fiL intravesical 
administration of ACNRB. ACNRB (4 x 10»* PN/mL) was formulated in VPBS, 22 % 
(v/v) ettianol. OT 3 mM Big CHAP. After the virus was retained in tiie bladder for 45 
minutes, tibe animals were permitted to recover. Mice were sacrificed 48 hours after 
ACNRB administraticRU and bladders snsq^ frozeo m liquid nitrogen. Transgene 
exi»esa(» was determined uai« RT-PCR. Tissues were rinsed in RNAse ftee watw. 
homogenized, digested in Tri-Reagent (Molecular Research Center), and total ceUular 
RNA extracted. ACNRB was probed using a 5* primer located in tfie CMV region of 
ACNRB vector, and a 3' primer resided in the 5* end of Rb genome. RT-PCR was 
performed in the Peridn Elmer 9600 GeneAmp PGR System. CycUng conditions were 

10 min at 65"C, 8 mm at SO'C. 5 min at 9S''C. 32 cycles of PGR were performed, 
each cycle consisting of 30 sec at <>4»C. 30 sec at 58X. and 30 sec at 72»C. The 32nd 
CTCle mchided a 10 mm elongation step at 72^ to msure full extension of inconq>lete 
DNA fragments. ACNRB-RNA bands were stamed with ethidhnn bromide. The results, 
enhanced expression using an etbanol or Big CHAP formulation, are shown in Figure 9. 



Example? 

Uif, rWAP Fjihan ces Trans pene Exnresy"" With Minhnal CystitLs 
Because Big CHAP enhanced grae transfix widi minimal cystitis, this formulation 
was selected for further evahjation. inchiding concentration and dose^^ 
studies similar to those described above. Briefly, in anaesthetized fianale rats rAd /Jgal 
(IxlO" PN/ml) was admmistered into the bladder via an intravesical catheter. rAd-^gal 
was formulated in different concentrations of Big CHAP. A volume of 0.5 ml was 
injected and remained mstilled in the bladder for 45 minutes. The animals were 
sacrificed 48 hours later, the bladder fixed in 4% formalin/ gtataraldehyde. opened 
longitudinally, and the /5-galactosidase enzyme activity measured using Xgal substrate. 
The intensity of bhie staining correlates with the 0gal-transgene expression. The figure 
shows the epithelial surfiice of Xgal stained bladders. The results indicate a 
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conceixtratios-<iq)endent increase of gene transfer to the epithelhun. The 3.5-7inM 
concentrations of Big CHAP significantly improved gene transfer. The formulation alone 
(Figure 7, lower panel) did not induce a blue color from the Xgal substrate. A higher 
concentration (17.5) mM did iu>t notably iiiq>rove gme transfer or expression, but 
induced cystitis in some of the animals tested. 

Effects of hitler recombinant adenovirus concentrations were also tested. 
Briefly, in anaestfa^ized fismale rats different concentrations of rAd-^gal, formulated in 7 
mM Bie CHAP were administered into the bladder via an intravesical catheter. The 



animals were sacrificed 48 hours latv, the bl^lder fixed in 4% formalin / 



ghitaraldehyde, opened loi^itudiiially, and ^^al stained. Figure 8 ^ws a cot^entratioii 
dq>endent increase of gene transfer to die q>itfaelium. A concentration of 13xicy' 
PN/ml induced maximal grate transfer. A hi^ier concentration ( 6.5 x 10'^ PN/ml) did 
not notably inq>rove the blue stainiiig. In lower concentrations of rAd*^gal, 1.3 x 10^^ 
PN/ml, or 1.3 X PN/ml, transgene esqnression reduced dose dep^i^ently. When 
3.5inM and 7mM formulations wm conqKued, /3-galactosidase expression was similar, 
although the »ilaix»l effect ^ypeared more reproducible in animals treated with die 7 
mM Big CHAP formulation. 



20 



30 



Exanq>le 8 

Transpene Expression in Ttonors with Big CHAP Formulation 
Because initial investigations focused on animals with intact bladd^ 



q>ithelium, evaluated adenovirus mediated gene transfer in an animal model of 
transitional cell carcinoma was also studied. Tuim>rs were induced in male Fisher rats 



by addition of 0.05% BBN in the drinldng water for six months. rAd-jSgal (1 X 10 " 
25 PN/ml) , formulated in 4 mM Big CHAP or VPBS was m^ed into die bladder for 45 
minutes by direct iigection. ^-gal expression was evaluated 48 hr after treatmoit. 
Consistent widi eariier ^qjeriments using non-tumor bearing animals, gene transfer to 
tumor tissue was inmroved with die Big CHAP formulation compared to the VPBS 



formulation (Hgure 10). 

Gene transfer of rAd carrying the p53 gene (rAd-p53) (Wills et al. 
Human Gene Therapv 5:1079-1088 (1994)) was also tested m this animal modd of 
bladder cancer. Briefly, bladder tumors were induced in fmale Fisha* rates (Charies 
River) by addition of 0.05% BBN (N-butyl-N-N(4-hydroxybutyl)mtrosamine) in die 
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drinkiDg water for three xncmttas. fAI>ii53 (1 X PN/ml) was fonnulated in 7 mM 
Big CHAP. Under isofhirane anestbesia a catbeter (24G) was inserted into the bladder 
for administration. rAD-p53 was instilfed into the bladder for 45 minutes. The animals 
were then allowed to recover from anesdiesia. Tweniy*four br later, animals were 

5 sacrificed, and the bladder was fixed in foimalixL After paraffin embedding and 
sectioning, pS3 e?q>resst6n was assayed by srmnun(dustod«nistry using p53ES- kit 
(Oncogene) usiiig AEC (AEC4dt, Vector Labs) as a substrate. Tissues were 
counterstaii^ widi hemato^Un. Rgure 12 ^ws pS3 gene expression in sor&ce 
area of proliferative q>itfaelium (leffc panel) and la^lear staining for pS3 expression at 

10 bigfao- n^gnification (right panel). No stamtng was detected in tumor tissue fircnn 
mitreated animals. 



ExaxDple 9 

Big CHAP P nhanri>fi Tpii^pMiy Fx pression in Pie Urotfaelium 
15 To simulate vcrfumes «pected for clinkal investigation, the 7 mM Big 

CHAP formulation was tested in a cfaronicaUy catfa^rized adult pig model in 
collaboration with SPRI Drug Safety and Metabolism. rAd-/Sgal (IX 10 " PN/ml) was 
formulated in VPBS or 7inM Big CHAP. A vohune of 50 ml was injected via the 
catheter into the bladder of the coi^ous animals. The instilled material was retained for 
20 2 hr. The animals were ^arrifir*^ 48 hr laser ^ and a central section of the bladder was 
tervested and stained for 0-galactostdase expiession. An increase in the intension of 
grae expression was observed in tbe 7 mM Big CHAP treated pig conqxared to the VPBS 
treated pig (Figure 11). Histologic evahiation (temonstrated transduction of several 
epithelial layers using Big CHAP (lefl panel), tait only superficial transduction witb the 
25 VPBS buffer (right panel). 



Example 10 

nmg Tra^i ^r into Tp t ^nal EpitheUum in Rats 
A slightly UMxiification of die method of Sandberg a al. ffluman Gene 
30 Theranv 5:323-329 (1994)) was used to prepare rat ileal segmaits for gene transfer 

studies. Briefly, female Sprague-Dawley rats were anesthetized with isofiurane. The 
abdominal cavity was opened and an ileal segment rostral from the last Peyer's patch 
isolated. The segment ( about 3 cm) was cautiously cleared from food residues and both 
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sides closed with atxaumatk: vascular clamps. rAd -^gal ( 1 X 1011 PN/ml), 0.5 ml 
volume, was directly UQected into the s^ment with a 24 G needle and allowed to 
incubate for 45 minutes. rAd-^gal was formulated in lOmM taurodeoxycholatic acid (in 
distilled water, sterile filtered) (Treatment group 1) or VPBS (Treatment Groiv 2). A 
5 third treatment group comprised animals treated with lOmM taurodeojiydiolatic acid. 
Thereafter, clamps were removed and a loose silk suture andiored on both ends for 
recognition at time of veaopsy. The abdominal incision was closed and animals allowed 
to recover in their cages. Ammals were sacrificed 48 hr later. The infected segn^nt 
and a control segment were harvested in fixative for whole organ Xgal stainiiig. 

10 The results are i^wn in Hgure 13. The extent of Xgal blue staining 

demonstrated evidence of tian^ene expression in the Deal sections. Enhanced gene 
transfer was evident in ttie detergoit formulation ( medial panel). 

All publications and patent a^lications cited in this specification are 
herein iiK:orporated by reference in dieir ratirety as if each individual publication or 

15 patent plication were specifically and individually indic>ated to be incorporated by 
reference. 

As will be ^pparrat to those skilled in the art to which the invoition 
pertains, the present invention may be raibodied in forms other than fliose specifically 
disclosed above, without dspsx^xxg firom the spirit or essential diaracteristics of Ae 
20 invention. The particular embodiments of the invention described above, are» therefore 
to be considered as illustrative and not restrictive. The scc^ of die present invention is 
as set forth in the appended claims rather than being limited to the examples contained in 
the foregoing desCTf^icMi. 
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WHAT IS CLA TMFH IS- 

1 LA m^bod of admimstmng a tfaenq>radc agent to a tissue having an 

2 epithelial memhrane, comprish^ admimstering a tfaer^)euticaUy effective amount of Ae 

3 therapeutic agent fonnulated in a buffer conqmsing a detergent. 

1 2. The method of claim 1» wherein die thenq)eutic agent is a protein. 

1 3. The method of claim 1» wherein the thersqieutic agent is a nucleic 

2 add. 

1 4. The m^hod of daim 3, wherein the nucleic acid is a tumor 

2 sujqyressor gene. 

1 5. The mediod of dahn U whnem the d^ergent is Big CHAP. 

1 6. The mediod of clahn 1, i?**erein die detergent is TRITON* X-100. 

1 7. The m^hod of claim 1» ^ndierein the therapeutic agent is a tumor 

2 si^qnressor grae. 

1 8. The m^hod of claim 7, wherem the tumor suppressor gene is pS3. 

1 9. The method of claim 7, wh^in the tumor suppressor grae is a 

2 r^inoblastoma goie. 

1 10. The mediod of claim 1» whmin die concentration of the detergent 

2 is about 0.5 - 2X the critical micellization concentration. 

1 11. A pharmaceutical conqxwition comprising a diersq>eutically 

2 effective amount of a dsenqpratic agent formulated in a Iniffer comprising a detergent. 
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12, The pharmaceutical composition of claim 11, wherein the 



r^ieutic agent is a pr 



j3 The i*aniiaceatical compoMtion of claim 11, wherein the 
tbenQ)eutic agent is a nucleic acid. 

14 pbannaceutical composition of claim 13, wherein the nucleic 



acid is a tumor su{ 



15. The pharmacoitkal composition of daim 14, wherem the 



I M II • ♦ 



suppressor gene is pS3. 



16. The phannaceutical composition of claim 14, wherein the mmor 
suppressor gene is a retinoblastoma gene. 



17. The pharmaceutical composition of claim 1 1 , wherein the deteigmt 



is Big CHAP. 



18. The pharmaceutical composition of claim 11, wherein the detergent 



is TRITON* X-lOO detergeoL 



19. The pharmaceutical composition of claim 11, wterein die 

0.5 - 2X the critical micellization concentration. 



concentration of the detergent is a! 



20. A method of mating Madder cancer comprising administration of a 
Aerapeutically effective amount of a therapeutic gene contained within a gene delivery 
system that is formulated m a buffer comprismg a delivery-cnhancmg agent. 



21. The method of claim 20 wherein die gene delivery system is a viral 



vector delivery system. 



22. The method of daim 20 wherein the geiK delivery system is a 
recombinant adenoviral vecttMr delivray system. 
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23. The mefliod of daim 20 wtown ttie tiieKqaeutic geiK 



siq;)pressor gene. 



24. The mediod of claim 23 wherein the tumor suppressor gene IS a 



r^inoblastoma tumor sq;^ressor ^oe 



alodiol. 



25. The method of daim 23 wfaetdn fte tumor sqipressor gMie is p53 



26. The mediod of claim 20 ^tiieiein the delivery-e nh a ncmg agent is an 



27. The mettiod of claim 26 Drtierein the alcohol is eftanol. 



detergent. 



28. ThemedMxi 



of clann 20 wherem the (telivery-cnhaiicing agent is a 



29. 



The method of clann 28. wherein die detergent is Big CHAP. 



100. 



30. The 



of clann 28. whraein the di^ergoit is TRITON* X- 



31. The method of daim 20 wherein die administration is by 
intravesical administration. 

32. The method of clann 20 wherein die flierapeutically effective 
amount of a dierapcutic gene comained within a gei« ddivery system is in d^ 
about from IxlO' partides/ml to 5x10" paiticles/ml of a recombinant adenovirus in 
which the ther:q)eutic gene is inswted. 



33. The method of daim 20 wherem die tiierapeuticaUy effective 
amoum of a dierapeutic gene comained within a gene deUvery system is in die r^^ 
about fiom lxlO» particles/ml to IxlO*^ particles/ml of a recombinant adenovirus in 
which the ther^iCMtic gene is inserted. 
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1 34. The mediod 6f claim 24 wherein the retinoblastoma tumor 

2 suppressor gene encodes full length RB protein. 

1 35. The method of claim 24 wherein the r^oblastoma tumor 

2 siq>pressor gene encodes pS6"^. 

1 36. The method of claim 22 wherein die delivery-oihanciiig agrat is 

2 administered prior to admmistration of die recombimnt viral vector deliv«y system 

3 comprising die therapeutic gene. 

1 37. The method of claim 22 wherein the delivCTy-enhancing agent is 

2 administered with the recombinant viral vector delivery system comprising die 

3 thersq)»itic gene. 

1 38. The method of daim 28 wherein die concentration of the det^ent 

2 is O.S - 2X the critical micellization concentradon. 

1 39. A pharmaceutical formulation for administration of a recombinant 

2 adenovirus, comprismg about 10^ - Itf * PN/ml recombinant adenovirus, about 2-10 

3 mM Big CHAP or about 0.1 - 1.0 mM TRTTON^-X-lOO detergoit, phosphate buffered 

4 saline (PBS), about 2-3% sucrose (w/v) and about 1-3 mM MgQj, about pH 6.4-8.4. 
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